Driven by the longer lifespans of humans, particularly in Westernised societies, and the need to know more about 'healthy ageing', ageing mice are being used increasingly in scientific research. Many departments and institutes involved with ageing research have developed their own systems to determine intervention points for potential refinements and to identify humane end points. Several good systems are in use, but variations between them could contribute to poor reproducibility of the science achieved. Working with scientific and regulatory communities in the UK, we have reviewed the clinical signs observed in ageing mice and developed recommendations for enhanced monitoring, behaviour assessment, husbandry and veterinary interventions. We advocate that the default time point for enhanced monitoring should be 15 months of age, unless prior information is available. Importantly, the enhanced monitoring should cause no additional harms to the animals. Where a mouse strain is well characterised, the onset of age-related enhanced monitoring may be modified based on knowledge of the onset of an expected age-related clinical sign. In progeroid models where ageing is accelerated, enhanced monitoring may need to be brought forward. Information on the background strain must be considered, as it influences the onset of age-related clinical signs. The range of ageing models currently used means that there will be no 'one-size fits all' solution. Increased awareness of the issues will lead to more refined and consistent husbandry of ageing mice, and application of humane end points will help to reduce the numbers of animals maintained for longer than is scientifically justified.
healthspan -defined here as the period of life free from age-related disease -is not increasing at the same rate as lifespan. Age is the primary risk for many highly debilitating chronic diseases, including cardiovascular disease, Alzheimer's disease, osteoporosis, type 2 diabetes and many forms of cancer. Moreover, these age-associated diseases typically co-occur with multimorbidity, affecting an estimated 60% of people older than 65 years of age. 2 Consequently, more and more individuals will spend a greater proportion of their lives suffering poor health, and therefore there is a significant biomedical interest in advancing our understanding of the ageing process. The hope is that by identifying potential points of intervention, we can ameliorate the ageing process, thereby extending healthspan through the reduction in the incidence of and/or the delaying in the onset of age-related disease.
Considerable understanding of the ageing process has been revealed through the use of genetically tractable, relatively short-lived and easily maintained model organisms such as Caenorhabditis elegans, Drosophila melanogaster and the laboratory mouse Mus musculus.
It is now well established that a range of environmental, pharmacological and genetic interventions extend lifespan in these organisms, and crucially these interventions tend also to increase late-life health and vitality. [3] [4] [5] Furthermore, the beneficial effects induced by these various interventions are generally conserved across wide evolutionary distances, with several of them being associated with various health benefits in humans. 6 In mice, for example, it is well established that longevity interventions such as dietary restriction and reduced signalling through the insulin/insulin-like growth factor 1 and mechanistic/mammalian target of rapamycin can extend healthspan significantly. 7, 8 In addition, many of these interventions can rescue lifespan and healthspan in progeroid mouse models and in various mouse models of disease. 8, 9 The information gleaned from these types of experiments is critical if we hope to translate the findings in mice to realistic interventions capable of delaying the onset of multimorbidity in humans. 2, 10 To test whether a particular intervention has a beneficial impact on ageing, it needs to be studied in the context of ageing (i.e. using aged individuals). 11 One important caveat when choosing to study a particular chronological age is that profound strain and sex-specific differences exist in lifespan, healthspan and cause of death across different mouse strains. 12 In this regard, a valuable and freely available resource that provides such information for a large number of mouse strains is the Mouse Phenome Database. 13 What is clear is that there is not a 'one-size-fits-all' scenario. The particular age classes to be studied need to reflect the ageing profile of that mouse strain appropriately wherever possible.
Studying mice at different ages, whether that be cross-sectional approaches in different individuals or longitudinal approaches over the life course within the same individual, may be necessary to determine whether an intervention acts in an age-dependent manner or an age-independent manner. While significant insights into the ageing process have been identified using progeroid mouse models, 14 these models appear to have limitations in completely recapitulating all aspects of ageing typically seen in conventional mice over their lifespan. Therefore, understanding the fundamental mechanisms underlying 'natural' ageing and defining exactly how (and when) a particular intervention acts to modulate age-related traits or processes requires the use of old/aged individuals where the mice may be 'purposefully aged' beyond the stage that would be considered as the normal lifespan for this species in commercial breeding or scientific establishments. There are many challenges associated with maintaining cohorts of ageing mice, and the study plan needs to take account of the potential for incidental age-related losses.
The concept of frailty
Before discussing the various aspects of ageing, it is important to consider a closely associated concept: frailty.
Frailty in humans is conceptually defined as a clinically recognisable state of increased vulnerability to adverse health outcomes for people of the same chronological age as a result of ageing-associated decline across multiple physiological systems such that the ability to cope with everyday or acute stressors is severely compromised. 15 Despite much research, the biology of frailty is not well understood, and this is partly due to our inability to evaluate frailty in experimental models. Therefore, the need to capture, account for and measure frailty in our ageing mouse models is not only an ethical and welfare imperative, but also a scientific one.
Operationally, frailty in people has been defined as meeting three out of five phenotypic criteria indicating compromised energetics: low grip strength, low energy, slowed walking speed, low physical activity and unintentional weight loss. 16 The so-called frailty index (FI) goes further by assessing the number of deficits accumulated over time, including disability, diseases, physical and cognitive impairments, psychosocial risk factors and geriatric syndromes. It is proposed as a risk index and is considered a more sensitive predictor of adverse health outcomes.
The use of a FI in aged mice was evaluated by Parks et al. 17 using specialist equipment and invasive methods and was found to be highly correlated to results found in humans. This initial murine FI was modified further 2
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to produce a non-invasive and simplified FI using only an eight-item assessment 18 (Table 1) . The results were comparable with the more complex FI used by Parks et al., although the finer grading of frailty in the very aged groups was not possible when using this simplified eight-item assessment. Interestingly, the latter study 18 recorded a marked increase in FI score in one mouse immediately before its death and also found a sex difference: the FI was higher in female mice, a finding that is consistent with studies in humans (75-to 95-year-old cohort). FIs have been used in several subsequent studies [19] [20] [21] [22] that have reached similar conclusions, but the focus has remained on predicting death and end points rather than identifying intervention points for improved care. For example, the excellent review by Toth 23 offers very interesting insights as to how a combination of frailty assessment with close monitoring of bodyweight and body temperature may be used as a predictor of death and the implementation of humane end points. These previous studies all show that it is potentially feasible to develop a reliable system or index for measuring frailty in ageing mice. However, we need not just reliable measures of frailty, but also non-invasive ones that are manageable and do not impose an unrealistic burden on animal care staff time and on resources. Moreover, invasive or stressful measures could easily further compromise already challenged animals by generating welfare issues that may result in a proportion of the cohorts having to be culled earlier than necessary.
Although the risk of frailty increases with age, we consider that its measurement in laboratory mice is not so much an indicator of actual chronological age but rather of the risk of adverse side effects resulting from common stressors such as handling, procedural work and interventional behaviour assessments. A manageable, simplified FI assessment incorporated into the daily or weekly welfare assessment could help predict emerging frailty within aged cohorts, signalling the need for increased monitoring of these vulnerable mice. In addition, widening discussion of frailty in relation to ageing mouse studies can help raise awareness of the need to reduce simple but common potential stressors such as handling and promoting good practice (e.g. the use of tubes or cupping rather than tails when handling mice 24, 25 ).
Clinical/phenotypic signs related to ageing
Ageing is a natural process during which structural and functional changes accumulate in an organism as a result of the passage of time and which eventually lead to death. It is a multifactorial process, acting at many levels of the organism's physiological and functional organisation, driven by genetic, epigenetic and environmental factors. 26 Precisely because of its multifaceted nature and causes, there is great heterogeneity in the ageing phenotype, even among members of the same species and even within highly inbred mouse strains. Therefore, producing a comprehensive list of 'typical' signs of ageing -even in a given strain -has, of necessity, various caveats and limitations. Moreover, exclusively age-related changes can be difficult to differentiate from disease, as both processes result in impairment. The main difference between the two is that the former is a normal, universal process affecting all individuals, whereas the latter is an abnormal process only affecting a subset. In human clinical practice, a further distinction is made between ageing and age-related frailty. The distinction and what it may mean in a laboratory animal setting -specifically in rodents -is explored elsewhere in this document, but some of the conclusions will necessarily overlap with those outlined in this section. Different mouse strains have different predispositions to develop one or more health conditions as they grow older, and it is critical to know them and how they may manifest themselves. 12 There are several excellent sources that can provide this sort of information and can be supplemented with additional data (e.g. Mouse Phenome Database; The ShARM resource [27] [28] [29] [30] .
It is also important to realise that environmental factors can also be predictive of certain age-related conditions. For example, the generalised practice of ad libitum feeding of laboratory mice, coupled with a lack of opportunity to exercise, can predispose to obesity and obesity-related pathologies. 31 Therefore, a clear knowledge of the animals' past and present environment needs to be taken into consideration as much as possible when assessing age-related health conditions.
As ageing is universally associated with a general and progressive decline in organ systems, there are some clinical/pathological manifestations that can be considered more or less typical in a given species or strain. The welfare relevance of these various clinical/ pathological manifestations will depend to a large extent on what organ(s) or system(s) are mostly affected and on how well the animal may cope or compensate for them (see the section on frailty). Manifestations such as hearing loss, impaired vision or generalised hair loss do not normally cause the same level of impairment in laboratory mice as they probably do in their wild counterparts or indeed in humans. By contrast, other manifestations such as neoplasia or degenerative joint conditions can have profound effects on the animals' welfare. As mice age, many conditions develop slowly over extended periods of time, and the body adapts to them. However, often a time is reached such that an animal suddenly shows clinical signs resulting from a decline in function that can no longer be compensated (e.g. progressive heart or kidney failure). At a cellular and tissue level, changes lead to reductions in function, such as muscle strength, epithelial renewal, alignment of the teeth and cardiovascular output. Initial signs of ageing in laboratory mice may include thinning, texture and/or colour change of the coat; reduced self-grooming; body-mass change (middle-age obesity may be followed by loss of body condition); hearing loss; deteriorating eyesight; reduced spontaneous activity and exercise intolerance. Individually, these changes seldom have a significant impact on the animals' general well-being. However, collectively, the animals' decline can eventually become noticeable and can be measured by, for example, grip strength, endurance activity, voluntary movement, speed of walking and reduced rate of wound healing. 32, 33 In addition to reduced function, the incidence of overtly terminal conditions (e.g. invasive or metastatic tumours) rises dramatically with advancing age.
In Table 2 , we have compiled a series of clinical signs that could be considered common of ageing in mice, grouped according to organ or system most commonly affected. These are the types of signs that may be picked up during the daily checking of animals that is the minimum legal requirement in most countries. In Table 3 , we give more details of the clinical signs to monitor, highlight potential interventions aimed at ameliorating or mitigating the expected adverse effects and identify clear end points enabling the scientific goals to be achieved in a refined manner. Using the information in Table 3 , the aim is that scientists and animal care staff should be able to develop a staged, progressive enhanced monitoring and recording system based on the age-related clinical signs identified in their particular mouse strain and study. Table 4 provides an example of a template that could be used for enhanced monitoring of ageing mice, with suggested monitoring frequencies set at different ages as a bare minimum (i.e. even before any clinical signs appear). As those clinical manifestations of the ageing process begin to appear and develop, the monitoring frequencies can be increased accordingly. We consider that adoption of this approach should improve animal welfare by providing more refined husbandry and management of ageing mice. Further, the approach we describe can provide research scientists with more information about the animals they use in their studies, thus contributing to the achievement of scientific goals. Enhanced monitoring of ageing mice will yield information which could contribute to the identification of subtle modulatory effects of, for example, the putative therapeutic intervention under investigation. It is recognised that drug absorption, metabolism, bioavailability, pharmacodynamics and pharmacokinetics change with age. In some cases, this may be related to altered renal 34 and/or cardiovascular function. 35 It therefore seems reasonable to suggest that subtle effects in an animal model could ultimately translate into significant human patient benefits.
Depending on the knowledge of the particular mouse strain, it will be possible to design a customised monitoring regime to suit both the expected adverse effects and the scientific needs of the study. Thus, monitoring for age-related clinical signs may be combined with the potential adverse effects of the experiment, for example related to lameness and swollen joints in an experimental study of arthritis, to give a more comprehensive clinical monitoring and scoring system relevant to any individual study.
Legal considerations when using ageing rodents for scientific purposes
A final consideration when working with ageing rodents is the question of when exactly should the 'purposeful ageing' of rodents be considered as requiring authorisation under relevant legislation. What follows is not intended to be an authoritative text on legal requirements, since these vary between different countries and even within the same country. Instead, we aim to raise awareness that regulations exist and should be complied with wherever the research is conducted. We also attempt to describe the criteria to be considered so as to achieve a consistent approach with regard to setting the time point for commencement of enhanced monitoring and determining when legal authorisation may be required. We argue that the criteria for project authorisation cannot be based solely on the age of animals. Instead, it should be based on the potential for the animals to experience adverse effects of pain, suffering, distress or lasting harm (P, S, D or LH) above the minimum threshold, as indeed enshrined by most 4
Laboratory Animals 0(0) laws governing the use of animals in scientific research. In Europe, the relevant legislation is the Directive 2010/ 63/EU (EUD). 36 The EUD defines a 'procedure' as any use, invasive or non-invasive, of an animal for experimental or other scientific purposes, with known or unknown outcome, or educational purposes, which may cause the animal a level of P, S, D or LH equivalent to, or higher than, that caused by the introduction of a needle in accordance with good veterinary practice. Keeping animals alive, for a qualifying scientific purpose, beyond this point would require project authorisation. This is important because procedures can only be applied to a protected animal as part of a programme of work described in a project authorisation. Where the scientific investigation relates to the physiological process of ageing, or alternatively because there is a requirement to investigate a disease mechanism or metabolism of a drug in an ageing animal, perhaps to mimic the human condition more accurately, then keeping mice beyond the age when they would normally be kept in standard efficient breeding programs will be necessary in order to achieve the scientific goals. There are currently many thousands of mice in regular use in scientific studies globally. These include nongenetically altered, wild-type, in-bred and genetically altered (GA; where the genetic alteration may have been either created experimentally or occurs naturally and is potentially expected to be associated with a harmful phenotype). Some of these are very well characterised both genetically and phenotypically, others less so, particularly the phenotypes of ageing strains. Both in EU and the UK, all mice kept for use in scientific procedures are protected animals irrespective of whether they carry a genetic alteration. In the UK, the breeding and maintenance of virtually all GA mice, irrespective of whether they have a harmful clinical phenotype associated with the genetic alteration, requires project authorisation. This is because it is assumed that all experimentally created mouse strains may cross the threshold requiring project authorisation, and few welfare assessments (as defined and required under the EUD) have been completed on established strains with the aim of demonstrating that they do not have a harmful clinical phenotype that may have an impact. Across EU member states, the EUD has been interpreted differently: in some member states, whilst all laboratory- Table 3 for advice to follow) Note action taken NB. Commence enhanced health check, score and weigh ageing animals (unless there is information to suggest otherwise) from 15 months of age on a fortnightly basis. This frequency should be increased if the animal gives any cause for concern. Moreover, there is some evidence to suggest that weekly monitoring after the animals' reach 20 months of age is recommended -at least in some strainsas there can be a steep downward trend in their health. After 30 months of age, it is likely that fewer animals will remain alive and that they may require daily enhanced monitoring. The above monitoring frequencies are only a broad recommendation. As you gather more information on your mouse strains, frequencies may be altered to suit your local needs. Monitoring frequency can be influenced by many factors including -but not limited to -the animals' immediate housing environment (e.g., cage type), strain and genetic background of mice, gender, disease model and study needs. Table 3 lists a number of changes that can be associated with the ageing process, together with suggestions as to how to monitor and/or act upon them. As observed changes accumulate or increase in 'intensity', so the frequency of monitoring increases in proportion. It is important to emphasize that there is no perfect tabulated list of clinical signs that can cover all the various possible pathological conditions that animals may develop as they age. In addition, local practices and experience, together with any limitations that may be described in associated project authorization and study design, will necessarily affect the way these conditions are assessed and acted upon.
created strains are produced under project authorisation, only GA mice with a manifest adverse phenotype require project authorisation, the assumption being that there is no overt harm unless it has been previously demonstrated. This situation has recently been reviewed by the EU Commission and no substantive changes are anticipated. Because of this difference between EU member states, some GA mice will already be under project authorisation and others not.
What about mice that are 'purposefully aged'? Does the 'purposeful ageing' of the animals, in itself, require project authorisation, as defined above? Should consideration be given to the effect -enhancement or diminishment -of the genetic alteration on the ageing process? Will they have different or additional adverse clinical effects as a consequence of the ageing process that may need to be defined in a project authorisation?
As stated above, we consider that the requirement for project authorisation of ageing animals cannot be determined solely on age but should be viewed as a performance standard when any P, S, D or LH manifests as ageing-associated clinical signs and has a detrimental impact on the animal and the animal is not immediately culled. This is consistent with the definition of a procedure for scientific purpose (see above). Given that there is already published evidence of agerelated 'watersheds' in some mouse colonies, 37 when no information is available from establishment health records or from the published literature on a particular mouse strain or new genotype, then we consider it reasonable to propose that there should be a point for enhanced monitoring of any ageing mice. Working with the scientific and regulatory communities in the UK, comprised of a wide range of scientists and experienced animal care technologists caring for large colonies of aged mice used for different purposes, we propose that this age-related trigger point for enhanced monitoring should be 15 months. From this age onwards, mice should undergo an enhanced regime of monitoring with additional husbandry or veterinary intervention steps aimed at identifying, recording and mitigating any ageing-associated adverse clinical signs. This general recommendation does not preclude the establishment of earlier points for enhanced monitoring when this is seen as a prudent decision, such as when expected progeroid mouse models are generated or when new GA models start showing signs of frailty or ageing earlier than expected.
Where there is information available on the phenotype of the mouse and the strain is already well characterised, with details available through, for example, the Mouse Passport Scheme, 38 establishment health records or published literature, then the trigger point for enhanced monitoring and consideration given to project authorisation should coincide with the onset of any known adverse ageing-associated clinical or phenotypic sign(s). Obviously, this timing -for both enhanced monitoring and project authorisation -can vary widely, depending on the onset of expected age-related clinical or phenotypic sign(s) in mice of that particular strain and need not coincide with the 15-month trigger point mentioned above. Consideration of project authorisation will involve a harm-benefit analysis (HBA) weighing the potential ageing-related harms that the animal is expected to experience against the potential scientific benefits. Such a HBA will need to be conducted on a study-by-study basis, relying on sound information about the scientific objectives, the likelihood of achieving them, their beneficial impact, the potential welfare implications, their mitigation and so on.
In all cases, information on the background strain must be taken into account, as this is known to have an influence on the onset of age-related clinical signs. For instance, the question may be asked whether it is necessary to implement enhanced monitoring of mice from 15 months of age where no adverse phenotype is expected. We are of the opinion that if there is evidence (e.g. from health records) to show that no adverse clinical or phenotypic signs are expected, then an informed decision can be taken that there is no need for enhanced monitoring because no signs of P, S, D or LH are anticipated. For example:
1. It is intended to maintain a well-known and wellcharacterised wild-type strain of mouse with no genetic alteration for up to 24 months for a study on ageing. The evidence from many years of health records shows that these mice do not display any adverse clinical signs before 18 months of age. The researcher intends to kill the mice humanely as soon as the first clinical signs of ageing are observed. Therefore, in this case, the P, S, D or LH trigger point for enhanced monitoring would be reached when the mice became 18 months old. As the researcher does not intend to maintain the mice beyond the point where they develop adverse clinical signs, project authorisation would not be required. 2. A GA mouse strain is already bred under project authority because it carries a genetic alteration associated with a phenotype featuring reduced lifespan. The genetic alteration is known to induce premature ageing, and the mice are expected to display agerelated clinical signs from six months onwards. If the intention is to keep these animals alive beyond six months of age, then they should be subject to enhanced monitoring against a predetermined set of criteria and at an agreed frequency from just before this age, for example five months, to minimise adverse effects experienced by the mice and potentially refine the model.
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Conclusions
Human lifespan is increasing globally, whereas healthspan -the period of life free from age-related diseasesis not increasing at the same rate. One consequence is the fact that we are witnessing a concerted research effort into the causes of ageing and the control of its consequences, and this global effort has resulted in a marked increase in the number of research groups that use ageing rodents -particularly mice -that are 'purposefully aged' beyond the stage that would be considered normal in commercial breeding or scientific establishments. Hence, there is an urgent need to ensure that the husbandry and management of these ageing animals is approached in a consistent way, thereby optimising their welfare and, at the same time, underpinning the achievement of good quality, reproducible scientific results. An obstacle for optimising the welfare of ageing rodents is the fact that age and frailty-related health problems and their manifestations can vary significantly, depending on a range of factors, including genotype, sex, housing and environment. The interface between ageing and frailty itself is complex and not easy to tease apart. For models of accelerated ageing using GA animals, for example, it could prove particularly helpful to include the signs of frailty in any enhanced monitoring regime by combining parameters from the various tables presented. Clearly, there is a significant advantage to animal welfare through identification and application of extra vigilance for those animals identified as frail by the scoring criteria. As mentioned previously, there is no 'onesize-fits-all' answer, and the monitoring and interventions need to be tailored to the mouse strain, study design and scientific objectives without causing additional harms to the animals and without being too labour intensive.
We believe that a significant way forward towards the achievement of improved animal welfare and better science is the adoption of enhanced clinical monitoring of ageing mouse colonies intended for scientific use. Working with the scientific and regulatory communities in the UK, we advocate that such an enhanced monitoring regime is adopted from (a) the expected onset of one or more age-related adverse clinical signs where the mouse (wild type or GA) is well characterised, (b) an age-related time point of 15 months where no information is yet available to suggest that there will be adverse age-related clinical signs prior to this time, or (c) a combination of these parameters.
There is no provision within current EU legislation to ascribe an age-related 'engineering' threshold to regulation. Instead, the threshold is based on the performance standard related to the potential of any procedure -including purposeful ageing -to have the effect of causing the animal a level of pain, suffering, distress or lasting harm equivalent to, or higher than, that caused by the introduction of a needle in accordance with good veterinary practice. Accordingly, throughout this paper, we have described a trigger point for enhanced monitoring based not solely on the age of the animals, but also on the likelihood of clinical signs being evident at a particular age. This will also assist in determining whether and when legal authorisation is required for particular strains.
As a first step to addressing the enhanced monitoring of ageing animals, this paper has focused throughout on mice, as this is the most commonly used species in scientific research in Europe, accounting for 61% of all of the animals used in scientific procedures in Europe in 2017. However, the principles described herein are applicable to other species and other scientific fields. By raising awareness of the issues around the use of ageing mice and the adoption of staged, progressive monitoring systems, we aim to improve the welfare of ageing mice kept for scientific purposes and consequently refine the research models that use them.
The above monitoring frequencies are only a broad recommendation. As you gather more information on your mouse strains, frequencies may be altered to suit your local needs. Monitoring frequency can be influenced by many factors, including but not limited to the animals' immediate housing environment (e.g. cage type), strain and genetic background of mice, sex, disease model and study needs. Table 3 lists a number of changes that can be associated with the ageing process, together with suggestions as to how to monitor and/or act upon them. As observed changes accumulate or increase in 'intensity', so the frequency of monitoring increases in proportion. It is important to emphasise that there is no perfect tabulated list of clinical signs that can cover all the various possible pathological conditions that animals may develop as they age. In addition, local practices and experience, together with any limitations that may be described in associated project authorisation and study design, will necessarily affect the way these conditions are assessed and acted upon.
Résumé
Du fait de la durée de vie accrue des humains, en particulier dans les sociétés occidentalisées, et du besoin d'en savoir plus sur «le vieillissement en bonne santé», les souris vieillissantes sont de plus en plus utilisées dans la recherche scientifique. De nombreux services et instituts impliqués dans la recherche sur le vieillissement ont élaboré leurs propres systèmes afin de déterminer les points d'intervention permettant des améliorations et d'identifier des critères éthiquement acceptables. Plusieurs bons systèmes sont en cours d'utilisation mais les variations qui existent entre eux pourraient contribuer à une mauvaise reproductibilité de la science en découlant. En travaillant avec les communautés scientifiques et réglementaires au Royaume-Uni, nous avons examiné les signes cliniques observés chez les souris vieillissantes et élaboré des recommandations pour améliorer les interventions de surveillance, d'évaluation du comportement, d'élevage et de soins vétérinaires. Nous préconisons que la mise en place d'une surveillance accrue ait lieu, par défaut, lorsque les souris atteignent l'âge de 15 mois, à moins que des informations antérieures ne soient disponibles. Fait important, l'amélioration de la surveillance ne doit pas causer d'autres préjudices aux animaux. Lorsqu'une souche de souris est bien caractérisée, le démarrage de la surveillance accrue liée à l'âge peut être modifié en fonction des connaissances à disposition sur l'apparition d'un signe clinique attendu lié à l'âge. Dans les modèles progéroïdes où le vieillissement est accéléré, la surveillance accrue peut nécessiter de démarrer plus tôt. Les informations sur l'historique de la souche doivent être prises en compte car elles influencent l'apparition des signes cliniques liés à l'âge. La gamme des modèles de vieillissement utilisés actuellement signifie qu'il n'y a pas de solution universelle de type «taille unique». Une sensibilisation accrue aux problèmes permettra un élevage plus raffiné et cohérent des souris vieillissantes et l'application de critères humains qui contribueront à réduire le nombre d'animaux conservés pendant plus longtemps que scientifiquement justifié.
Abstract
Im Zusammenhang mit der längeren Lebenserwartung des Menschen, insbesondere in westlichen Gesellschaften, und der Notwendigkeit, mehr über Ðgesundes Altern'' zu erforschen, werden in der Wissenschaft zunehmend alternde Mäuse eingesetzt. Viele Einrichtungen, die sich mit der Alterungsforschung befassen, haben eigene Systeme entwickelt, um Interventionspunkte für potenzielle Verfeinerungen zu bestimmen und humane Endpunkte zu identifizieren. Mehrere gute Systeme sind im Einsatz, doch die zwischen ihnen bestehenden Variationen bewirken unter Umständen eine schlechte Reproduzierbarkeit der erreichten Forschungsergebnisse. In Zusammenarbeit mit Wissenschaftlern und Aufsichtsbehörden in Großbritannien haben wir die klinischen Anzeichen bei alternden Mäusen untersucht und Empfehlungen für eine verbesserte Überwachung, Verhaltensbewertung, Haltung und tierärztliche Maßnahmen entwickelt. Wir empfehlen, dass der Standardzeitraum für eine verstärkte Überwachung 15 Monate betragen sollte, sofern keine Vorabinformationen vorliegen. Wichtig ist, dass die verstärkte Überwachung keine zusätzlichen Belastungen für die Tiere verursacht. Bei gut charakterisierten Mausstämmen kann der Beginn der altersbedingten verstärkten Überwachung basierend auf der jeweiligen Kenntnis des Beginns eines erwarteten altersbedingten klinischen Zeichens modifiziert werden. Bei Progeroidmodellen, bei denen die Alterung beschleunigt wird, muss eine verbesserte Überwachung eventuell vorverlegt werden. Informationen über die Hintergrundstämme müssen berücksichtigt werden, da sie den Beginn altersbedingter klinischer Symptome beeinflussen. Aufgrund der Vielzahl der derzeit verwendeten Alterungsmodelle wird es kein universell gültiges Konzept geben können. Ein erhöhtes Bewusstsein für die Problematik wird zu einer verbesserten und konsequenteren Haltung alternder Mäuse führen, und die Anwendung humaner Endpunkte wird dazu beitragen, die Zahl der Tiere zu verringern, die länger gehalten werden, als es wissenschaftlich gerechtfertigt ist.
Resumen
Motivados por la prolongación de la vida de los seres humanos, especialmente en las sociedades occidentalizadas, y la necesidad de saber más sobre el «envejecimiento saludable», los ratones envejecidos se están utilizando cada vez más en la investigación científica. Muchos departamentos e institutos que participan en investigaciones sobre el envejecimiento han desarrollado sus propios sistemas para determinar los puntos de intervención para posibles mejoras e identificar criterios de valoración humanos. Se están utilizando varios sistemas buenos, pero las variaciones entre ellos podrían contribuir a la escasa reproducibilidad de la ciencia lograda. Trabajando con comunidades científicas y reguladoras en el Reino Unido, hemos revisado la sintomatología clínica observada en ratones envejecidos y hemos desarrollado recomendaciones para mejorar el seguimiento, la evaluación del comportamiento, la cría y las intervenciones veterinarias. Nosotros defendemos que el plazo por defecto para un seguimiento reforzado sea los 15 meses de edad, a menos que se disponga de información previa. Es importante destacar que el seguimiento reforzado no debería causar daños adicionales a los animales. Cuando una cepa de ratón está bien definida, el inicio de un seguimiento reforzado relacionado con la edad puede ser modificado en base al conocimiento de la aparición de un síntoma clínico esperado relacionado con la edad. En los modelos progeroides en los que se acelera el envejecimiento, puede ser necesario adelantar el seguimiento reforzado. Debe tenerse en cuenta la información sobre la cepa de fondo, ya que influye en la aparición de los signos clínicos relacionados con la edad. La gama de modelos de envejecimiento que se utiliza actualmente significa que no habrá una solución única para todos los casos. Una mayor concienciación de los problemas conducirá a una cría más refinada y consistente de los ratones envejecidos, y la aplicación de criterios de valoración humanos ayudará a reducir el número de animales mantenidos durante más tiempo del que está científicamente justificado.
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